Angiosarcoma is a soft tissue sarcoma of endothelial origin that can arise in any organ, with an incidence of up to 5% of all malignant cutaneous tumors. It is the 4 th most common sarcoma of the skin and typically occurs on the scalp of white men over 60 years of age. Its prognosis is traditionally very poor, with 5-year survival rates reported as low as 11%. Risk factors for cutaneous angiosarcoma have not been clearly established. Herein, we describe a 64-yearold male with a chronic history of psoriasis maintained on methotrexate and infliximab for over 10 years, who presented with a 7-week history of a cluster of reddish-blue, violaceous nodules on his occipital scalp. Biopsy showed classic features of angiosarcoma. He was treated with multimodal therapy. Six years subsequent to his initial diagnosis he continues in remission, with no evident signs of recurrence or further metastases.
ficult to achieve and a multifaceted approach to treatment usually achieves better outcomes than monotherapy. Recurrence and metastases are common with very poor survival rates. This is a case of cutaneous angiosarcoma of the scalp that presented in a patient on immunosuppressive therapy for psoriasis. To our knowledge this is the first case report regarding the development of cutaneous angiosarcoma in a patient on immunosuppressive therapy with infliximab and methotrexate (MTX). Whether there is a specific effect of these drugs on the development of the patient's angiosarcoma remains uncertain.
Case Description
A 64-year-old balding male with history of well-controlled psoriasis maintained on Methotrexate for 12 years (accumulative dose 5630 mg) and Remicade ® (infliximab) infusion for 11 years presented with a 7-week history of four "bumps" on his scalp that were initially not bothersome but had begun bleeding a week prior to presentation. He denied any history of skin cancer but did report a moderate history of sun exposure. He also denied any systemic symptoms. On physical exam, 4 adjacent friable, violaceous nodules were seen on the left medial-posterior occipital scalp measuring approximately 5 cm × 3 cm ( Figure 1A and Figure 1B ). Shave biopsy was consistent with angiosarcoma, showing dermal proliferation of irregular anastomosing vascular channels lined by epithelioid endothelial cells with rare mitoses and prominent cytologic atypia. Hemorrhage was present as well. Atypical cells stained positive for the vascular endothelial markers VEGF, CD34, and
Introduction
Angiosarcoma is a tumor of endothelial cell origin and is considered one of the rarest forms of sarcoma. Primary cutaneous angiosarcoma of the head and neck region is the most common, often insidious with its asymptomatic presentation, initially resembling a benign entity such as a bruise [1] . Its subtlety likely contributes to the difficulty of early diagnosis and the aggressive quality of the tumor at diagnosis. If left untreated, it inevitably progresses to a more thickened nodular lesion which may eventually ulcerate or bleed and can grow to reach a diameter over 20 cm [2, 3] . Local control is difthe "mohawk technique" was used to deliver radiation therapy to the site to ensure adequate coverage of all the suspected areas of persistent disease on the scalp, and to limit dosage to the brain. Due to his recurrent, persistent lesions, the patient then began neoadjuvant CD31, a marker recognized as highly sensitive and specific ( Figure 2A and Figure 2B ). The patient subsequently had multiple scalp excisions approximately 2 cm from the original site to document the extent of non-clinically visible disease -5 of which showed atypia concerning for peripheral invasion of the angiosarcoma. Metastatic work-up was negative at this time. Approximately 1.5 weeks after initial diagnosis, the patient underwent major surgical resection of the scalp tumor and surrounding areas (12 cm × 12 cm) with split-thickness skin graft reconstruction, harvested from the thigh. He required revision 1 month later due to partial skin graft necrosis, and multiple additional surgical revisions throughout his clinical course to improve wound healing ( Figure 3 ).
While awaiting the initiation of radiation treatment, the patient noticed two new black nodules at the periphery of the surgical scar. These were biopsied and were consistent with recurrent angiosarcoma. He underwent post-op radiation therapy to the entire scalp for 3 months (receiving a total of 72Gy), along with hyperthermia treatments. A specialized technique called A B and neck, particularly on the scalp, however it may affect any area of the body. Typically, cutaneous angiosarcoma affects Caucasian males over the age of 60 with a predilection of 2-3: 1 compared to females [2, [4] [5] [6] .
Angiosarcomas account for less than 2% of all soft-tissue sarcomas, with an incidence of 2-3 per million. The cutaneous form accounts for 28% of these cases [7, 8] . Approximately 5% of all malignant cutaneous tumors are angiosarcomas [9] . Risk factors for angiosarcoma include chronic lymphedema, prior radiation exposure, and immunosuppression (specifically seen after renal transplant). Angiosarcomas are frequently categorized as follows: Primary/idiopathic, soft tissue (uncommonly seen in the deep soft tissues of the lower extremities and abdominal wall; Often in patients with familial syndromes), lymphedema-associated (usually seen in post-mastectomy patients within chronic lymphedema), and radiation-induced angiosarcoma (within or adjacent to the radiation field, commonly seen in breast cancer patients) [10] . Primary/idiopathic is the most common form of cutaneous angiosarcoma, which typically involves the face, neck, and scalp of elderly males [7] . However, the etiology of cutaneous angiosarcoma occurring on the scalp or face, as in our patient, has yet to be elucidated [6] .
Many cases of cutaneous angiosarcomas arise in sun-exposed areas [2] . It has been theorized that the vascularity of the head and neck, with its dense arrangement of vessels, may preclude it to oncogenic development in the setting of UV radiation [9] . Excessive UV radiation may be a risk factor, but it cannot be the sole factor, as cutaneous angiosarcomas rarely occur on sun exposed areas other than the face, neck, and scalp. Tumor necrosis factor (TNF)-alpha inhibitors like infliximab have shown mixed evidence in regard to increased risk of overall malignancy stemming from their use. Major observational studies have not confirmed an increased risk. In addition, challenges exist in establishing whether there is true risk between TNF-α inhibitor use and development of malignancy or whether underlying systemic inflammation, other underlying disorders, concomitant medications, or prior history of malignancy contribute to an increased predisposition [11] . Methotrexate has also been implicated in increasing risk via activation of lytic EBV infection, releasing infectious virus into the host cells, allowing the virus to collaborate with the medication's immunosuppressive effects to induce EBV lymphomas in patients with rheumatoid arthritis and polymyositis. These patients are already known to have a higher risk of developing B-cell lymphomas compared to their healthy counterparts [12] . Increasingly, the direct relationship of these medications to an increased risk of malignancy is being questioned. To our knowledge this is the first case report in a patient on a combination of a systemic agent with a biologic drug developing an angiosarcoma. We do believe the effect of these two drugs in combination on his diagnosis remains uncertain. chemotherapy with paclitaxel. He also had subsequent re-excision of the suspicious areas which were concerning for angiosarcoma. The patient did remarkably well after completing his multimodal treatment. He was restarted on low-dose MTX for control of his psoriasis. He had no evidence of recurrence or metastases for approximately 3 years, at which time he noticed an enlarging lymph node in the left supraclavicular space for which FNA and PET scan were abnormal. Eventually, he underwent cervical lymph node dissection which revealed one lymph node to be highly suspicious for metastatic angiosarcoma. He was at this time re-started on paclitaxel and completed a course of 20 treatments. He discontinued treatment 1 month early due to toxicity.
At the time of this article's submission the patient continues in remission without signs of recurrence or evidence of metastases ( Figure 4 ). He is currently 2 years out from lymph node metastasis and 6 years out from initial diagnosis. He reports continued post-chemotherapy neuropathy and chronic positional lymphedema of his lower neck and continues to be seen by dermatology, oncology, and the lymphedema clinic. He is currently maintained on ustekinumab with excellent control of his psoriasis and no evidence of cutaneous or systemic recurrence.
Discussion
Cutaneous angiosarcoma is a rare sarcoma of endothelial origin which arises most commonly on the head sidered the best option to optimize a patient's survival.
Because of the rarity of angiosarcomas, studies regarding the molecular mechanisms and pathogenesis of the disease are rare. Angiogenic factors are thought to play a large role in angiosarcoma development. Vascular endothelial growth factor (VEGF) and its receptors are overexpressed in 80% of angiosarcomas [15] . A study of 19 cases of angiosarcomas explored the hypothesis that the p53/murine double minus-2 protein (MDM-2) pathway plays a key role in angiosarcoma development. More than two thirds of the angiosarcomas analyzed showed dysfunction of the p53/MDM-2 pathway. This pathway affects both cellular growth and angiogenesis in addition to up-regulation of VEGF itself, leading to higher concentrations of VEGF and decreased thrombospondin 1 (an antiangiogenic factor) [16] . Not surprisingly, targeted therapy with inhibitors of VEGF, such as bevacizumab, have shown some efficacy in treatment when used in combination with radiotherapy [2, 8] . In one study, bevacizumab treatment showed stabilization of disease or partial response in 11/23 patients [2] . Reports of remission after combined use of adjuvant radiation therapy and bevacizumab followed by surgery have also been described [8, 17] . In addition, a case of cutaneous angiosarcoma treated with a combination of paclitaxel and bevacizumab without radiotherapy showed significant improvement [15] .
As cutaneous angiosarcoma expresses a high level of VEGF, there is evidence that taxane-based chemotherapeutic regimens may improve survival and may even be efficacious as first-line therapy for angiosarcoma since they are anti-angiogenic in addition to having a direct anti-tumor effect [18, 19] . One phase 2 trial of paclitaxel revealed 17% of patients as responders to treatment, with two of these patients achieving complete response subsequent to surgery [20] . Anti-VEGF pathway therapy with drugs like sorafenib and pazopanib have also shown effectiveness [13, [21] [22] [23] . A phase II trial using a programmed cell death protein (PD-1) inhibitor for soft-tissue and bone sarcomas along with a few case reports regarding cutaneous angiosarcoma have shown response to PD-1 inhibitor therapy [24] [25] [26] . The use of adjuvant chemotherapy for treatment of angiosarcoma continues to be controversial. It is usually considered as a treatment option when patients present with metastatic disease or for palliation of locally advanced disease [4] .
Early diagnosis of angiosarcoma is important as localized and systemic spread occurs rapidly and rates of early metastasis are high. Clinicians should strive for early diagnosis, early and aggressive resection, and a multidisciplinary treatment approach to improve disease control and patient outcomes. Lifelong follow up is indicated in these patients as local recurrence rates have been observed in 35-86% of patients, depending on the approach to treatment [5] .
Angiosarcomas have been reported in immunosuppressed patients following renal transplants specifically. However, the etiology of angiosarcoma in this setting as in our case also remains unclear. Interestingly, multiple cases of angiosarcoma in renal transplant cases have occurred adjacent to or within the AV fistulas. It is thought that this may be due to turbulent flow at the site combined with long-term immunosuppression which results in the upregulation of growth factors allowing for increased endothelial proliferation and growth of tumor [10] .
Angiosarcoma is highly malignant and frequently metastasizes at early stages of the disease. Most commonly, metastasis to the lungs occurs, frequently leading to hemopneumothorax in these patients [13] . Other frequent sites of metastasis include liver, bone, soft tissue, and lymph nodes. Because angiosarcomas can initially resemble benign cutaneous lesions such as ecchymoses or hematomas, diagnosis can be difficult and tends to be delayed, with an average of 5 months from symptom onset to actual diagnosis. As a result of its subtle presentation contributing to a delay in diagnosis and its highly malignant potential, the prognosis for patients diagnosed with angiosarcoma is very poor -with 5-year disease free survival rates estimated at low as 11% [7] . Age, primary anatomic site, and extent of disease are the most important prognostic indicators. In an analysis of 434 patients with cutaneous angiosarcomas by Albores-Saveedra, et al., patients had a significantly decreased 10-year survival rate if they were older than 50-years-old compared to patients younger than age 50 (37% vs. 72%, respectively). The tumor of origin's site was also shown to have an impact of survival with 10year survival rates of truncal tumors significantly better than those of the head and neck (75% vs. 14% respectively). When an angiosarcoma remains localized to the skin, patients exhibit a 54% survival rate at 10 years [14] .
As the disease is rare, treatment guidelines for angiosarcoma have not been standardized, but it continues to be widely accepted that surgery with wide excision of the lesion is the most reliable treatment for cure. Since completely negative margins can be increasingly difficult to achieve surgically and to assess histologically, adjuvant radiation therapy is frequently employed, which has been shown to improve survival time fourfold [4, 5] . Angiosarcomas pose a surgical challenge since they commonly occur in regions where aggressive surgical excisions can lead to disfigurement, functional impairment, and substantial difficulty in reconstruction. Effective treatment for many patients is hard to achieve since angiosarcomas are frequently large and ill-defined, with a noncontiguous growth pattern often made up of several closely related tumors [2, 7] . Due to the extent of disease and the impossibility of repair and reconstruction, this can lead to potentially inoperable tumors and poorer outcomes. Primary closures are almost always impossible. As such, combination therapy is con-
Conclusion
The six-year survival of this 66-year-old male following both local recurrence of his angiosarcoma, as well as a single lymph node metastasis, is highly favorable. Whether infliximab +/-methotrexate contributed to the development of cutaneous angiosarcoma in this patient, or if it was imminent on a background of chronic psoriatic inflammation and ulceration, may be better answered through a prospective cohort study which could reveal information unbeknown to physicians, that they may need to use caution in approved practice and carefully survey these patients for signs and symptoms of angiosarcoma. It remains uncertain whether the patient's excess of 10-year therapy with a combination of infliximab and methotrexate for generalized plaque psoriasis played a role in his aggressive scalp angiosarcoma.
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